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Abstract
According to the International Labour Organization some 2.3 million diseases and 474 million accidents are experienced 
annually by workplaces. The associated social and economic costs of these accidents and diseases, which are estimated at 4 
percent of Global Gross Product, are expected to increase further as our next generation of workers continues to face challenges 
from a range of quarters. Managing these costs, therefore, continues to be a challenge for policy makers, practitioners and 
academics involved in accident prevention and safety management. A possible reason for this dire state of affairs is that 
developments in safety management have been outpaced by technological advancements, and more innovations are needed. This 
requires us to re-think the way organizations manage safety. Doing this, however, requires us to have a much better 
understanding of how accidents are caused, how they can be prevented and how safety can be managed in organizations. This 
paper attempts to do this through a review of the state-of-the-art, by revisiting our current understanding of how accidents are 
caused and how they can be prevented and managed. First, it introduces a scheme known as the three eras of safety. This is 
followed by a review of published papers in accident causation and safety management, which are analysed using a three-step 
approach based on the scheme introduced. The paper concludes by proposing research questions that policy makers, practitioners 
and academics may want to think about in advancing the accident prevention and safety management agenda.
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1. Introduction
According to the most recent estimates, some 2.3 million workers die from work-related accidents and diseases; 
over 474 million people suffer from occupational diseases and non-fatal accidents; with the costs of these exceeding 
US$2.8 trillion, or 4% of gross domestic product [1]. These have increased by at least ten percent compared to a 
decade ago [2]; and are expected to increase even further as countries and organizations are challenged by rapid 
advancements in technology, changing nature of accidents, hazards and risks, changing societies views of accidents, 
introduction of new forms of regulations, and increasing levels of complexity and coupling [3, 4]. The degree of 
these will, no doubt, depend on the sector and context of the industry concerned. For example, industries such as 
accommodation and food services, agriculture, construction, healthcare and social assistance, manufacturing, road 
transport, and public administration have been considered as higher risks in Australia [5]. Reducing accidents and 
arresting the rising economic and social costs of occupational accidents and diseases is a continued test for 
academics, policy makers, practitioners and researchers. This necessitates the need for more innovation strategies 
and solutions. However, before this can be done, it is useful to have a nuanced understanding of how (i) accidents 
are caused (and therefore prevented); and (ii) safety managed in organizations. This paper attempts to do this 
through a state-of-the-art review of these two streams of research.
In the ensuing sections, a theoretical framework based on the evolution of safety management is introduced. This 
is followed by a review of published papers in accident causation and safety management, which are thematically 
analysed using the scheme introduced. The paper concludes by proposing research questions that academics, policy 
makers, practitioners and researchers may wish to think about in seeking to advance the accident prevention and 
safety management agenda.
2. Theoretical framework
Safety management is a multidisciplinary area which draws heavily from fields as diverse as economics, 
engineering, industrial relations, law, management, occupational hygiene, occupational medicine, psychology and
sociology [6, 7]. Different academic and professional communities, including engineers, managers, psychologists 
and sociologists, have often grappled with the multi-disciplinary issues that inform accident causation and safety [8]. 
This, in the authors view, is because while there is a wide range of research being published from many disciplines, 
industries and regions, what appears to be missing from these disparate pieces of research is a unifying theoretical 
framework which integrates the multidisciplinary nature of safety management. One line of thinking which has been 
useful in this regard involves those studies that suggest that our understanding of how accidents are caused (and 
therefore how they can be prevented) has evolved over different five ages [9, 10]. The first age is closely associated 
with technological; the second with behaviours and human error, the third with socio-technical, the fourth with 
culture and the fifth with resilience. 
In the first (technological) age, accidents were largely attributed to mechanical and structural failures, and these 
were suggested to be prevented by following technical standards and guidelines issued by professional engineers, 
architects and designers. The predominant causes of accidents were explained through Heinrich’s dominos [11, 12];
and  safety management initiatives were predominantly based on rules and regulations reminiscent of the industrial 
age, drawn primarily from engineering and law disciplines. The second age represented human behaviours and 
human errors, and theories with these and accidents/incidents were most commonly used to understand accident 
causation [11, 12]. Safety management initiatives were based on behaviour-based safety and human error 
management controls, the knowledge bases for which were consistent with fields such as sociology, psychology and 
industrial relations. The third age was marked by the realisation that humans were rarely the sole cause of accidents 
or error, and that human performance was based on a complex interactions of the socio-technical system that 
constitute an organisation [13, 14]. These were consistent with disciplines such as ergonomics, human factors and 
engineering; and approaches for managing safety included design of work stations and controls to find an optimal 
man-machine fit, management systems and safety cases. The fourth age recognized poor organisational and cultural 
factors played a key role in most accidents; and that major accidents were likely to be normal in organisations which 
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Fig. 1. Five ages and three eras safety [12].
were technologically advanced due the elements in such system were becoming more complex and tightly coupled
[15]. These drew on research from engineering, management, psychology and sociology; and leadership, culture and 
collective mindfulness were suggested to be more advanced strategies for managing safety [14, 16]. The fifth age is 
represented by complexity and uncertainty, with safety and accidents seen as complements, and people playing a key 
role in the proper functioning of modern technological systems because of their ability to adapt. Effective safety 
management strategies in this age involve organizational learning [17] from both failures and successes as people 
adapted to create safety well before failure and harm occur [18]; cognitive systems [19, 20] and resilience 
engineering [21]. These strategies drew from disciplines such as ecology, human factors, management and 
psychology. Technological and behavioural strategies represent contemporary approaches; socio-technical and 
cultural are more advanced approaches, while resilience involves a more sophisticated approach [12]. Hence the five 
age of safety can be further condensed into three broad eras of safety management strategies, illustrated in Figure 1.
The above discussion illustrates that the scheme as presented has included some level integration of a number of 
disciplines that informs the current practice of safety management. Hence it serves as a suitable theoretical 
framework for informing further research, education and practice in accident causation, prevention and safety 
management. This includes conducting a state-of-the-art review. 
3. Methodology
The EBSCOHost platform was used to search using the phrases ‘accident causation’ and ‘safety management’ on 
Academic Search Complete. The search was restricted to the full articles, published in English, in Academic 
Journals between 2012 and 2014.
In order to categorise the reviews within the five age/ three era framework, a three-step iterative process was 
used. First, the title and abstracts were briefly scanned, and an appropriate era of safety allocated against it. Next, 
each article was critically reviewed in terms of keywords used the specific disciplines of knowledge which informed 
the review; and this was used to either confirm the original selection, or move it to another era in the framework. 
Where an article did not appear to neatly fit in any of the era classifications, the discussion and conclusions were 
reviewed; this final stage either confirmed the choice, or re-classify to a different era. This third stage of review was 
also used to place the article in a particular strategy of safety management. The process is illustrated in Figure 2.
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4. Results and analysis
The search for literature on resulted in over 102 research articles; for the purpose of this paper twenty (20) of 
these were selectively sampled, analysed and classified. Nine (9) of these were from accident causation and eleven
(11) from safety management. The industries represented are those that are generally regarded as high risk in most 
countries.
4.1. Analysis of accident causation articles
The results of 9 articles reviewed for accident causation are summarised in Table 1. Four of these are from 
construction, two from nuclear, one from aviation and oil and gas, and two which focussed on multiple industries. 
Three of these were published in 2012, four in 2013 and two in 2014. 3/9 articles were published from construction, 
while the remaining ones from healthcare, manufacturing, mining, outdoor activities, railways and multiple 
industries. A brief examination of the results suggest that 1/9 of the articles were based on the contemporary, 7/9 on 
advanced and 1/9 on sophisticated eras of safety. 
In terms of industry, all three articles published from construction were based on the advanced era, and 
predominantly utilized a socio-technical strategy for safety management. These were very similar to the articles 
published from healthcare, mining, outdoor works and railways which also utilized the same safety management 
strategies. The article published from manufacturing was based on the contemporary era, and the safety management 
strategies investigated were based a mix of behavioral and technological approaches. One article was based on the 
sophisticated approach which utilized a socio-technical strategy for managing safety. 
4.2. Analysis of safety management articles
The results of 11 articles reviewed for safety management are summarized in Table 2. Four of these are from 
construction, two from nuclear, oil and gas and multiple industries, and one from aviation. Three of these were 
published in 2012, four each in 2013 and 2014. A brief examination of the results suggest that 6/11 of the articles 
were based on the contemporary, 5/11 on advanced and 1/11 on a combination of contemporary and sophisticated 
eras of safety. 
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     Table 1. Results of nine accident causation articles applied to analysis of eras and safety management strategy framework.
Industry Year References Framework and focus Era of safety Strategy of safety
management
Construction 2012 [22] Ergonomic work analysis
Organizational factors
Advanced Socio-technical
Mining 2012 [23] Human factors analysis and 
classification system
Human error
Unsafe acts
Underlying conditions
Advanced Socio-technical
Behavioral
Healthcare 2012 [24] Errors and violation
Adverse events
Organizational / system 
factors 
Advanced Socio-technical
Construction 2013 [25] Loughbrough construction 
accident causation model
Organizational learning
Project management
Risk management
Culture
Advanced Socio-technical
Manufacturing 2013 [26] Bow-tie
Unsafe acts
Unsafe conditions
Mental and physical 
conditions of worker
Contemporary Technological
Behavioral
Railway 2013 [27] Organizational factors
Local factors
Occurrences, interventions 
and outcomes
Advanced Socio-technical
Multiple 2013 [28] Systemic accident analysis
Accident causation models
Sophisticated Socio-technical
Construction 2014 [29] Fault tree analysis
Unsafe behavior
Unsafe machines and tools
Unsafe environments
Advanced Behavioral
Socio-technical
Outdoor 2014 [30] Multi-level systems 
Outdoor injury incidents
Advanced Socio-technical
In terms of industry, 2/4 construction research were based on contemporary era and the remaining 2/4 on 
advanced era. The most common strategies investigated in this industry involved behavioral and socio-technical 
ones. The two nuclear industry sectors investigated were based on the contemporary era, and the main strategies 
investigated were based across a span of behavioral, technical and socio-technical strategies. The two oil and gas 
industries were based on advanced era, and utilized a combination of technological and cultural strategies. In one of 
this high-reliability theory was used. The aviation industry article was based on advanced era, with socio-technical 
strategies being utilized as the main strategy for managing safety.     
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Table 2. Results of 11 safety management articles applied to analysis of eras and safety management strategy framework.
Industry Year References Focus Era of safety Strategy(ies) of 
safety management
Aviation 2012 [31] Safety 
management 
systems
Advanced Socio-technical 
systems
Nuclear 2012 [32] Emergency 
program
Contemporary Behavioral
Socio-technical
Nuclear 2012 [33] Regulations
Probabilistic risk 
assessment
Contemporary Technological
Socio-technical
Multiple 2013 [34] Safety rules and 
procedures
Contemporary
Sophisticated
Technological 
Behavioral
Socio-technical
Cultural
Resilience
Construction 2013 [35] Collision 
warning systems
Advanced Behavioral
Socio-technical
Construction 2013 [36] Technology 
utilization
Advanced Socio-technical
Construction 2013 [37] Accidents, 
analysis and 
modelling
OHS risk 
criteria and 
limits
Contemporary Technological 
Oil and gas 2014 [38] Sense-making 
and risk controls
Advanced Cultural
Road transport 2014 [39] Safety 
management 
practices, 
culture and risk 
management
Contemporary Behavioral
Oil and gas 2014 [40] European Union 
Directives
Legislation
Collaborations
Advanced Technological
Cultural
Construction 2014 [41] Safety attitudes 
and behaviors
Modelling
Contemporary Behavioral
Socio-technical
The article published from the road transport industry suggests it was based on the contemporary era, with 
behavioral approach used as the main strategy for managing risks.
5. Discussion and concluding remarks
Reducing the number accidents and more effective management of safety continues to challenge academics, 
policy makers, practitioners and researchers; for this reason both these areas continue to receive significant 
attention. Being multi-disciplinary in nature means research and practice articles are published from many domains 
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and disciplines. However, as has been discussed earlier, a unifying theoretical framework which integrates the multi-
disciplinary nature of accident causation and safety management appears is missing from the body of knowledge. 
Why is such a framework important? From a pragmatic point of view, there is an abundance of research on accident 
causation and safety management, and most of these can be useful in informing practice at workplace level. 
However, the effectiveness of many of these strategies continues to remains questionable. Moreover, there has been 
a suggestion that current strategies aimed at improving safety management may have been outpaced by the rapid 
technological advancements; because “[the existing approaches, methods and strategies] are from 20 to 40 years 
old” and “while they may have been adequate for [the time] they were developed, they are inadequate for present 
day systems” [42].  Hollnagel’s solution to this is resilience engineering, which in the main is about using existing 
methods and strategies in new and innovative ways; adaptation of strategies according to Borys et al. [9]. On a 
pragmatic level, this raises the question of whether we can still achieve improvements in safety in the fifth age using 
first, even second age of technology? For this appears to be the very thing many practitioners are trying to push, if 
not regulate! This sets an agenda for re-thinking accident causation and safety management; including an integrative 
theoretical framework which takes into account the multi-disciplinary nature of safety management.   
This paper presented a theoretical framework on evolution of safety management which was then applied to a 
selected number of published work on accident causation and safety management. The preliminary results of twenty 
articles reviewed suggest that, in the high hazard industries such as construction, mining and healthcare, some 
degree of advances are being made in understanding the causation of accidents and how they could be prevented. 
There is also some evidence that some of the strategies being utilized are reflective of the evolving nature of safety 
management across the different eras. It is acknowledged the theoretical framework has been applied to a very small 
number of papers, and further work is required to test its efficacy (or otherwise). Some example of research 
questions that could be explored include its usefulness (or otherwise) in understanding accident management and/or 
safety management in specific industries, specific types of hazards and/or risks, developments/progress across 
regions, and developed/underdeveloped countries, and for educating and training safety professionals of the future. 
Future works will examine these 
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